This study investigated the effect of reaction temperature, ranging from 450 to 650 o C, on the pore structure of the nanostructured zeolite particles (NZP) synthesized by aerosol-assisted self-assembly of NZP from 2.0 to 2.5 nm led to an increase in the acetone adsorption capacity, even though its surface area was decreased; in which case (d=2.5 nm) the saturated adsorption of NZP was better than that of ZSM-5 zeolite.
INTRODUCTION
Mesostructured materials of the M41S family have been synthesized Beck et al., 1992; Vartuli et al., 1994a; Beck et al., 1994; Vartuli et al., 1994b) and used as catalytic supports or VOCs adsorbents. They perform excellently because of their large surface area, controllable pore diameter, uniform pore size distribution, and hydrothermal as well as hydrophobic stability (Kawi and Te, 1998; Xia et al., 2001) . The conventional hydrothermal method for manufacturing mesostructured materials is complex and time-consuming. Lu et al. (1999) developed the aerosol-assisted self-assembly (AASA) process for mesostructured silica nanoparticles, an aerosol pyrolysis method based on evaporation-induced interfacial self-assembly (EISA) method. The principle of AASA process is that the solvent evaporation of precursors, consisting of silica/surfactant/solvent, during aerosol procedure causes multi-phased assembly of surfactant micelle, which results in the inward mesostructure of silica droplet in a total synthesized time of several seconds. After the heating treatment, the surfactant was removed and the material appeared to be porous. Lu et al. showed that whether or not the silica particles exhibited mesostructures with the hexagonal, cubic or vesicular topologies was determined by the molar ratio of acidic tetraethoxysilane (TEOS) solution, the alcohol and the specific surfactants in the mixed precursors.
Applying the AASA process, Fan et al. (2001) synthesized mesoporous silica particles with hierarchically organized mesostructures and well-defined pore sizes templated by the surfactant, polystyrene spheres, and oil-in-water microemulsions. They found that the characteristics of mesostructure could be adjusted by the amounts and length scale of different templates. Bore et al. (2003) reported the effect of synthesis parameters on the mesostructure of the silica particles utilizing TEOS precursor with the surfactant of cetyltrimethylammonium bromide (CTAB) as referred to Lu et al. (1999) , but without adding alcohol into the precursors. They demonstrated that the ratio of surfactant to silica, and pH value of precursor influenced structural organization, pore size, and wall thickness. The effect of reactor temperature was investigated in the Bore et al. study, but only the extent of temperature effect on crystallinity.
Information on the temperature effect on the morphology of materials and physical properties of surface area and pore size distribution is limited in the literature. The surface area and pore size distribution as well as the morphology of the synthesized materials are important factors when they are to be applied as adsorbents or catalytic supports. Thus, this work uses TEOS, CTAB, hydrochloric acid (HCl), alcohol (EtOH) and deionized water as precursors, and studies the effect of reaction temperature of the chosen reagent on the physical characteristics of the nanostructured zeolite particles (NZP) synthesized by AASA process. 
EXPERIMENTAL

RESULTS AND DISCUSSION
Figure 2(a) illustrates the relationship between geometric standard deviation (σ g ) of pore diameter distribution, surface area and average pore diameter obtained at different operation temperatures. The geometric standard deviation (σ g ) of the pore diameter distribution was analyzed by the lognormal distribution. Each σ g was calculated by the equation below (Hinds, 1999) :
Where n i was the pore volume in the group i, having a midpoint pore diameter d i , among 1 and 6 nm and N was sum of n i ( i n N Σ = ). The d g was the geometric mean of pore diameter defined as,
calculated for pore volumes having midpoint pore diameters between 1 and 6 nm.
One can see that if the reaction temperature was increased from 450 to 550 o C, the surface area of the NZP was increased from 750 to 872 m 2 /g. The surface area reached maximum at a reaction temperature of 550 o C and then fell as the reaction temperature was further increased. The smallest surface area was 550℃ was considered to contribute to an increase in the surface area of the NZP, given the compositions and ratios of reagents used. Thus, appropriate reaction temperatures promoted the micelles crystallization of surfactant due to self-organization and the encapsulation of silica on the micelles crystalline structure, which lead to a higher surface area.
The pure silica MCM-41 could be heated to 1,123K before structural collapse began (Chen et al., 1993; Kim et al., 1995) . Therefore operating at the maximum reaction temperature, 650 o C, did not destroy the structural characteristics of the synthesized materials. The decrease in surface area at temperatures above 550 o C might be due to the possibility that higher temperatures led to the decomposition of some of the surfactant molecules in the aerosol flow before the AASA process; hence, fewer surfactant molecules were left to grow the structured micelle. It might be that higher temperatures led to the shrinkage due to initiation of sintering or thermal relaxation of the silica structure (Bore et al., 2003) . The XRD spectra as shown in Figure 4 further indicated that synthesized NZP in the 450 -650 o C temperature range is similar to hexagonal topologies, as indicated by the diffractive peak of (100) (Lu et al., 1999; Bore et al., 2003) . The hexagonal pore structure, instead of the wormlike morphology, can be improved by enhancing the ratio of CTAB/TEOS. (Bore et al., 2003) 1. 
(100) Figure 4 . The XRD spectra of NZP synthesized at different temperatures. Figure 5 shows the effect of reaction temperature on the distribution of particle size as observed by SEM micrographs. The exact particle size distribution can be measured by particle counter; however, the apparatus was unavailable and the standard deviation of the particle size distribution could not be calculated. But it was observed roughly, as Figure 5 shows, that the effect of temperature on the size distribution of particles was similar to that on the pore diameter uniformity. The synthesized particles By altering the synthesized temperature from 550 to 450 o C, the average pore size of synthesized NZP was increased from 2.0 to 2.5 nm. But its surface area was slightly decreased from 872 to 750 m 2 /g. As observed in Table 1 , the NZP synthesized at 450 o C had better saturated adsorption, 82.53 mg/g adsorbency, than that of the commercial ZSM-5 zeolite. Thus, the saturated adsorption of the porous materials was affected by a slight increase in the pore size with a sacrifice in the surface area.
Furthermore, the NZP show that they have better adsorption/desorption and hydrophobic characteristics as compared to the commercially available ZSM-5 zeolite (Lin et al., 2005) . 
CONCLUSION
This study applied the AASA process to synthesize nanostructured zeolite particles at various temperatures. The results indicate that the reaction temperature of the AASA process was a key parameter to determine the surface area, the average pore diameter, and the distributions of pore and particle size. Highly uniform pore size distribution in the synthesized materials could be achieved for with the average pore size of 1.96 nm, and pore diameter distribution with the smallest geometric standard deviation appears to be the most uniform. In contrast, operational temperatures higher than 550 o C cause structural shrinkage of the NZP and decomposition of surfactant molecules in the synthesis.
The result of applying the NZP in the absorbent indicated that the adsorption capacity of synthesized NZP could be superior to that of the commercial zeolite, ZSM-5, due to its advantages of enhanced surface area and adjustable pore size. Future study can be done to optimize the surface area and the pore diameter distribution in terms of the practical application of the NZP as a gas adsorbent or catalytic support.
